Introduction: Effective home management of childhood asthma by caregivers requires education along with a written asthma action plan (AAP), which should outline clear instructions for treatment during exacerbations. However, a large number of asthma exacerbations continue to be managed in the emergency department (ED) and in hospitals, particularly in Canada. The objective of this study was to assess caregiver management of acute asthma at home following the 2015 Global Initiative for Asthma (GINA) guidelines and to identify factors that
INTRODUCTION
Asthma is among the most common chronic diseases in children [1] . The lifetime prevalence of asthma in Canadian children has been estimated at 11-16% [2] . Children are frequently at risk for asthma exacerbations from viral infections, physical activity, as well as exposure to allergens. Thus, having adequate knowledge to manage asthma at home is critical to avoid exacerbations and to initiate treatment properly [3] . The asthma action plan (AAP) is a document provided to caregivers that should outline what medication is needed every day, what steps to take for an asthma exacerbation, and when to call a doctor or to seek emergency treatment. Both national and international guidelines recommend self-management approaches such as the use of AAP for home management of asthma [4, 5] . In addition, use of an AAP results in fewer acute asthma ED visits, less nighttime awakenings, fewer missed school days, and better asthma symptom scores [6] .
Despite the general acceptance of these approaches [7, 8] , there is still substantial use of the emergency department (ED) and the hospital to manage acute exacerbations of asthma. Approximately 10% of pediatric emergency visits for asthma in Alberta resulted in hospital admission [9] ; in addition, the rate of visits to the ED in Alberta (20/1000) exceeds that of their peers in the US (9/1000) [9, 10] . Several caregiver factors (lack of knowledge, skills, or confidence to provide care for their child during an asthma exacerbation) may contribute to hospital and emergency department use [11] . In addition, concerns have been raised that despite having an AAP, the instructions contained in Canadian AAPs may be vague and confusing for parents [12] . Nevertheless, very little data is available to assess Canadian caregivers' knowledge and their actions to manage acute asthma at home. We hypothesize that the increased use of ED and hospital by children with asthma in Canada may be related to inappropriate home management, along with not following or not using the AAP.
The objective of this study was to assess the home management of acute asthma by caregivers (as per the 2015 GINA asthma guidelines), and to identify potential factors that may be associated with incorrect management. Specifically, this study sought to answer whether caregivers, (1) followed the instructions provided in their AAP (if provided), (2) were confident in their knowledge and skills to recognize and manage an acute asthma exacerbation, and (3) knew what actions to take for home management of acute asthma.
METHODS

Participants
We collected data from caregivers of children who were known to suffer from asthma. Inclusion criteria included parents/caregivers of children that were: (1) between 3 and 17 years of age, (2) with a previous physician made diagnosis of asthma. Children with new consultations for wheezing or cough were not included without a prior diagnosis of asthma. Children of less than 3 years of age were also excluded in order to avoid misclassification in that age group [13] . Participants were consecutively enrolled from outpatient visits and the patient health care identifier was recorded to ensure that no participants were recruited more than once. We sent a letter that explained the purpose of the study to caregivers by an e-mail 1 week before their child's regular clinic visit. Caregivers who agreed to participate in this study verbally consented. Children were recruited from the Stollery Children's Hospital outpatient respiratory clinic and the Baker Clinic pediatric department in Edmonton, Canada between September 1, 2015 and November 17, 2017.
Compliance with Ethics Standards
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. The study was approved by the University of Alberta ethics committee (Human REB Pro00064186).
Questionnaire
At the clinic visit, the participants completed a 15-min questionnaire that evaluated the caregivers' knowledge of asthma along with their management steps during acute asthma exacerbations and their confidence in self-management of these episodes (Supplementary Figure 1) . This questionnaire was developed based on questions employed in a previous study on home management of asthma in children [15] . Data on demographics, use of an AAP, and a validated asthma control questionnaire (ACQ, [14] ) assessing degree of asthma control were also collected. The ACQ consists of six questions about key symptoms (dyspnea and wheezing), daytime and nighttime symptoms, activity limitation, and rescue bronchodilator (Supplementary Figure 1) . Each item is scored on a seven-point scale ranging from 0 to 6. The final score is obtained by averaging the total scores for the six items. Higher scores indicate worse asthma control.
Criteria for Correct and Incorrect Home Management
In the questionnaire, parents were presented with a theoretical scenario of an acute asthma exacerbation at home and were asked to describe management actions. Both initial step and subsequent steps were recorded (Supplementary Figure 1 ). Correct management of an acute exacerbation was defined according to the recent 2015 Global Initiative for Asthma (GINA) guidelines [5] : The caregiver should initiate treatment with two puffs of inhaled short acting beta agonist (SABA, salbutamol 200 lg or equivalent), given one puff at a time via a spacer device with or without a facemask. This may be repeated a further two times at 20-min intervals, if needed.
Incorrect management was defined by any management of asthma that did not follow the initial two puffs of inhaled short acting beta agonist given one puff at a time, followed if needed by two repeats at 20-min intervals as required.
We analyzed for differences in the proportion of ''correct'' and ''incorrect'' home management of asthma. We also analyzed for factors which may be associated with ''correct'' and ''incorrect'' home management, including previous hospitalizations and number of emergency department visits in the past year, knowledge of asthma, confidence in selfmanaging asthma attacks, degree of asthma control, and use of an AAP.
Statistical Analysis
For statistical analyses, we used a two-tailed Fischer's test of proportions, a two-tailed Student's t test of means and a Pearson correlation. We used an alpha level of 0.05 and a power of 0.80 to establish the appropriate sample size. Based on a similar study [15] , in which the proportion of correctly managed to incorrectly managed was 1:2, we calculated the sample size required for our study based on this ratio to be 114. Data collected were entered into a Microsoft Excel 2016 database and were analyzed using GraphPad Prism 6.0/STATA 11 according to the criteria defined for proper home management of asthma. All values reported are expressed as mean ± standard deviation.
RESULTS
A total of 127 caregivers were given surveys to complete and 122 questionnaires were completed (Table 1) . Five caregivers did not want to participate and they were not included. The average score for the ACQ was 0.7 ± 0.8 (out of a total score of 6), indicating that this was a sample of well-controlled children with asthma. Of the participants, 62.3% experienced an asthma exacerbation in the previous year, which resulted in an average of 1.0 ± 1.6 emergency visits over the same period (Table 1) . Nearly two-thirds of patients used an AAP (65.5%). However, only 51.6% of caregivers chose the correct initial choice of treatment for asthma exacerbation as per the GINA 2015 guidelines (Table 2 ). Subsequently only 46.7% of caregivers were able to identify the correct follow-up management step (Table 2 ). In total, only 25.4% of caregivers were able to correctly identify both the initial and follow-up steps for an asthma exacerbation; and 74.6% of caregivers incorrectly identified the initial and follow-up steps of asthma exacerbation management. We assessed for type of rescue inhaler use and we found that most families used salbutamol (92%) and only a minority used bricanyl (4%). A minority of patients used combined inhaled steroids and long-acting beta agonists (4%).
Correct management of asthma exacerbations was not associated with fewer ED visits (correct: 0.8 ± 1.1 visits versus incorrect: 0.8 ± 1.2 visits, p = 0.93) or hospitalizations (correct: 0.1 ± 0.3 hospitalization versus incorrect: 0.1 ± 0.4 hospitalizations, p = 0.76) over the past year (Table 3) . We also found no association between correct management of asthma exacerbations and AAP use, asthma knowledge, asthma control scores (ACQ scores) or self-confidence in asthma management (Table 3) . No correlation was found between ACQ scores and the number of ED visits (R 2 = 0.087) or the number of hospitalizations for asthma exacerbations (R 2 = 0.002). When we stratified the population into use of the asthma action plan, we found that caregivers who used an asthma action plan (AAP) visited the emergency significantly more often (Table 4) . We found no difference in asthma knowledge scores or asthma control scores. Confidence in initiating treatment for asthma exacerbation was greater in those who used an AAP (AAP use: 8.9 ± 1.4 versus no AAP use: 8.3 ± 2.0, p = 0.04); however, confidence in recognizing an asthma exacerbation and stopping treatment was no different between the two groups (Table 4) .
DISCUSSION
In Canada, a substantial number of emergency department visits and hospital admissions for children have been related to asthma exacerbations [9] . Recent evidence shows that factors such as caregivers' lack of knowledge, skills, and confidence contribute to improper management of asthma exacerbations at home [16] . We believe each of these factors is also linked to the increased ED visits and hospital admissions. As previously reported [15] , the present study also found that only a minority of caregivers appropriately managed asthma exacerbations at home. Our data showed that proper management of asthma exacerbations was not associated with a decrease in ED visits (p = 0.93) or hospitalizations (p = 0.76) over the past year.
We also found no association between correct home management of asthma exacerbations and AAP use, asthma knowledge, asthma control scores, or confidence in asthma management. These data are unexpected but our data show that caregivers have less confidence in continuing asthma management at home. Caregivers are more certain with initiating rather than continuing asthma management and subsequently present to the emergency for further management. Surprisingly, we showed that despite using an asthma action plan (AAP) and having greater confidence in initiating home treatment for asthma exacerbations, caregivers had significantly more emergency department use (p = 0.04) and increased hospitalizations (p = 0.02) compared to those who did not have an AAP. Our data illustrate an association instead of a causal relationship; nevertheless, these data suggest that caregivers may feel comfortable starting treatment at home but are uncomfortable or lack knowledge/skills for managing asthma afterwards and thus may easily resort to the ED. Taken together, these data suggest that asthma ED visits and hospitalizations may not necessarily be caused by failing to follow the AAP instructions but rather by a lack of clear instructions regarding treatment after initiating treatment. Patients want clear and specific instructions in their AAPs to manage acute exacerbations at home [17] . The AAP used in our patient's population was the ICAN AAP (http://www.ucalgary.ca/ icancontrolasthma). This AAP is a non-generic plan and is customized to a patient's specific situation. However, like other Canadian AAPs, the ICAN AAP combines instructions for the management of acute exacerbations with advice for the general management of asthma, which can be confusing [18] . Adding the concept of asthma control to the Canadian AAP and thus placing the responsibility of assessing control on caregivers may cause considerable confusion in caregivers during acute exacerbations [12] .
Guidelines inform AAPs. In contrast to current Canadian guidelines, other national and international guidelines and their AAPs provide very specific instructions for home treatment of acute exacerbations. The GINA guidelines [5] for initial home management of asthma exacerbations in children 5 years and younger are to use ''two puffs of short-acting beta agonist and repeat a further two times at 20-min intervals, if needed'' [5] . Similar precise actions are recommended by the British Thoracic Society (where a public health system similar to Canada exists) and by Australian Guidelines [19, 20] . In contrast, the Canadian AAPs focus on ''control'' issues and may not achieve the intended purpose of an action plan, which is to provide guidance for treating acute transient exacerbations [12, 18] . A review of caregiver's understanding and their use of AAP for home management combined with clear AAP instructions [21] is crucial to ensure adequate knowledge and skill for home management.
While the level of asthma control in this study was relatively high (mean ACQ of 0.7 ± 0.8), we observed a relatively high average [22] . Thus, we acknowledge that the caregivers in our study who had an AAP may also have children with more severe asthma. Another plausible explanation is that in the Canadian health-care system, there is unlimited use of ED/hospital. In a similar way that the AAPs did not provide the patients clear instructions about home management, parents may rely on the ED rather than attempt home self-management. In that regard, it is interesting to read the following citation from a focus group of pediatricians who discussed management of acute asthma at home: ''Why can't they go to emergency? Isn't that what the emergency room is for? At night, if the kid's wheezing at 3:00 in the morning, that's probably where they should be'' [23] . This statement indicates how confusing this issue has become, even for physicians. Interestingly, recent studies have suggested that AAPs may not provide additional benefit to asthma education and regular follow up for asthma outcomes [24, 25] . In fact, written asthma action plans may have discouraged caregivers from seeking medical attention until hospitalization was required [24] . In addition to our results, these findings demonstrate that current AAPs can mislead caregivers regarding management of asthma at home.
Limitations
We acknowledge that our study is single-centered, and that management of asthma may differ between various geographic regions of Canada. Regarding data collection, our study is at risk for recall bias as caregivers were asked to report data from the previous year. Although the parents were asked: ''has a doctor/nurse ever given you an asthma action plan for your child?'', the date when caregivers were given an AAP, and the date of ED visits as well as hospitalizations (in the last year) were not recorded. The potential confounder is that some caregivers may have been provided an AAP after their ED visit or hospitalization. In these cases, the ED visits served to promote referrals to specialists who then provided an AAP instead of the AAP being associated with increased ED visits and hospitalizations.
Conclusions and Future Directions
Efficacious management of asthma and acute exacerbations requires considerable and repeated asthma education with written AAPs that are simple and explicit. In this study, we found that caregivers who used the Canadian AAP in our pediatric hospital's catchment area had a significantly higher number of ED visits and hospitalizations but no difference in ''asthma knowledge''. These results suggest that instructions in the AAP may not provide sufficiently clear instructions for management of acute asthma exacerbations at home. We suggest that the Canadian AAPs be revisited in order to ensure that we are providing our patients with clear and understandable guidelines that focus on self-management of asthma exacerbations. We believe that providing explicit instructions on management of acute exacerbations to caregivers of children with asthma can improve their confidence and management of asthma at home.
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